Introduction
of E2F-responsive genes including components of the replication machinery, such as cyclin E, DNA polymerase ␣ and proliferating cell nuclear antigen (PCNA). Phosphorylation of Rb releases E2F
from transcriptional restraint, which is initiated by cyclin D/cdk4/6 and completed by cyclin E/cdk2 [2] . Inhibitors of cyclindependent kinase (cdk), p21 and p27, inhibit cdk2 and cdk4/6, thereby inhibiting progression through G1 and S phases [3] . p27 inhibits cdk2 and cdk4/6 complexes and also inhibits cell cycle progression [3] . Phosphatase and tensin homologue deleted on chromosome 10 (PTEN), a dual lipid protein phosphatase, negatively controls the PI3K/PKB pathway and also exerts its influence on the cell cycle. Suppression of proliferation due to arrest in G1 phase of the cell cycle is associated with corresponding increases in the levels of cell cycle inhibitors such as p27 and decreased levels of Rb protein phosphorylation [4] [5] [6] . [7] . The Rb pathway is a major regulatory pathway of the G1 phase. [9] .
Mammalian cells are dependent upon external mitogens for cell cycle progression during G1. But this is only true until the cells reach a certain point, the restriction point (R point)

Phosphorylation of Rb by cyclin D-cdk4/6 and cyclin E-cdk2 regulates progression through G1 and is tightly controlled. We have recently reported temporal PTEN inactivation causing increased proliferation of SV SMCs than in the IMA [8]. This suggests that the endogenous difference in the PTEN expression and activity in the SMCs of two bypass conduits could be responsible for IH in the vein grafts involving downstream cell cycle proteins. Therefore, the aim of this study was to study the proteins associated with the R-point and subsequent G1/S exit in SV and
Cell Isolation
The tissue samples were processed under strict aseptic condition by the established method in our laboratory [10, 11] [8, 10, 11] . (Fig. 1) . The phosphorylation of Rb protein was distinct from the R-point and occurred at a time-point downstream of the R-point (Fig. 2) . In SV SMCs, there was a significant (P < 0.001) rise in Rb phosphorylation at about 4 hrs and remained at significant levels till 12 hrs after which it declines to control levels. However, in the IMA SMCs, Rb phosphorylation was downstream of the R-point and reached significant levels at 8 hrs (P < 0.05) with peak levels at 12 hrs (P < 0.001) before returning to control levels (Fig. 2) . There was a lag of about 4 hrs between the R-point and significant increase in Rb-phosphorylation in IMA SMCs as compared to about 1 hr in SV SMCs. The degree of phosphorylation observed in IMA SMCs was quantitatively far less than that seen in SV SMCs (Fig. 2) .
Overexpression of PTEN
PTEN gene silencing
Expression of Cdk inhibitors, p21 and p27
The cell cycle inhibitors p21 and p27 block cell cycle progression by specifically inhibiting cyclin E, D and A-associated cdk complexes. The quiescent SMCs of both SV and IMA showed the expression of p21 (Fig. 3) (Fig. 4) . (Fig. 5) . In the IMA SMCs, overexpression of PTEN significantly decreased the expression of only pRb and induced p27 expression (Fig. 6) . The cyclin E and p21 levels were unaffected by the overexpression of PTEN in IMA SMCs (Fig. 6) . (Fig. 7) . However, In the IMA SMCs, siRNA for PTEN significantly induced the expression of pRb and inhibited p27 expression (Fig. 8) . The expression levels of cyclin E and p21 were unaffected by the overexpression of PTEN (Fig. 8) . [12, 13] . Results from our study support this conclusion since we observed that phosphorylation of Rb occurred downstream of the R-point and was in no way affected by the phosphorylation state of Rb.
Expression of cyclin E, pRb, p21 and p27 in pORF9-hPTEN transfected SV and IMA SMCs
We observed maximum effect of IGF-1 on the expression of cyclin E at 5 hrs and on the expression of pRb, p27 and p21 at 12 hrs. Therefore, we further examined the influence of PTEN on the expression of the proteins related to the cell cycle and R-point transition. SV SMCs were transfected to overexpress PTEN using the pORF9-hPTEN vector. The cells were mitogenically stimulated with IGF-1 (100 ng/ml) and the expression of cyclin E, pRb, p21 and p27 was assessed using immunoblotting and densitometric analysis. In SV SMCs, overexpression of PTEN significantly decreased the expression of cyclin E and pRb and induced p27 expression. The p21 levels were unaffected by the overexpression of PTEN
Expression of cyclin E, pRb, p21 and p27 in PTEN gene silenced SV and IMA SMCs
Discussion
Mitogenic stimuli trigger different signalling pathways, but all finally converge at the cell cycle. In the G1-phase of the cell cycle, mitogenic and anti-mitogenic signals are integrated and the decision is made whether to continue, exit or pause the cell cycle, beyond the R-point, the cells are committed to further progress through the cell cycle, independent of extracellular stimuli [1]. Reports have shown that phosphorylation of Rb is not the molecular mechanism behind the R-point transition
Vascular injury results in hyperphosphorylation of Rb protein mediated by the PI3K-PKB pathway, which can be prevented by the use of statins and inhibitors of the Rho/Rho kinase pathway [14] . This suggests an alternative pathway to Rb protein hyperphosphorylation. Vascular endothelial growth factor (VEGF) also appears to have an indirect action on Rb protein phosphorylation and this could be as a result of the cross-talk, which is commonly seen between receptors involved in the triggering of the pathway leading to the development of IH [15] . Retinoids attenuate growth factor-induced down-regulation of p27, which is a major negative regulator of Rb phosphorylation and thus exerts an anti-proliferative action on SMCs.
Cell cycle proteins and their patterns of expression have been extensively studied and increased levels have been documented during lesion formation in the vessel wall [16] . c-fos, c-jun and cmyc mRNAs are seen to rise within hours of injury but return to baseline after a relatively short period followed by a second peak at or around the 7 th day after injury during which time maximal proliferation activity occurs [17, 18] . p27, which is normally at relatively high levels in the quiescent cells, fall rapidly soon after the onset of injury [19] . Conversely, p21 levels, which are normally low in quiescent SMCs, rise after 7 days and reach a peak after 2 weeks [20] . This seems to suggest that p21 has a delayed mechanism of action after arterial injury and is not an immediate acting cdk inhibitor [19] . Passage through the R-point requires suppression of the normally high levels of p27 expression present in quiescent cells [21] . [8] . We also observed increased proliferation in IGF-1-stimulated SV SMCs than in the IMA [8] . Therefore [23, 24] , so far, the most promising agent seems to be rapamycin (Sirolimus) which selectively inhibits mTor and exerts its antiproliferative properties by reduction of translation and stabilization of p27 [25] 
